Sanofi sponsored, designed and coordinated the clinical trials presented in this meta-analysis.
cases. 4 Rates of CKD are higher in elderly populations, and as the proportion of people aged >60 years increases so will the rates of CKD. 5 Renal impairment complicates the management of diabetes because it increases the risk of hypoglycaemia, is associated with increased risk of cardiovascular morbidity and mortality, and limits the options for glucose-lowering therapy. [6] [7] [8] [9] For example, cardiovascular disease has been reported in 53% of people with CKD, 10 and as many as 59% of people who also have T2DM. 4 The rate of hypoglycaemia in people with diabetes and CKD can be double that of individuals without CKD, 11 therefore, the choice of glucose-lowering therapy should account for this increased risk. 6, 8 Additionally, dose adjustments, or even drug withdrawal, may be necessary, as the clearance of some therapies may be affected. 8 However, there is a lack of evidence available, particularly from randomized clinical trials, to inform the choice of therapy and treatment goals in the management of diabetes in people with renal impairment, 8 or regarding optimal glycaemic control in individuals with diabetes and more advanced CKD, for whom glycated haemoglobin (HbA1c) targets 53 mmol/mol (<7.0%) may be appropriate. 8 For people with T2DM and CKD, insulin remains an appropriate option when other agents such as metformin may be contraindicated or are used at lower than standard doses. 12 While insulin requirements are generally lower in people with impaired renal function, there are no specific guidelines regarding insulin dose adjustment in this population other than general recommendations that glycaemic targets should be individualized. 8 Insulin glargine 300 U/mL (Gla-300), a secondgeneration basal insulin, provides a more stable and prolonged pharmacokinetic and pharmacodynamic profile compared with insulin glargine 100 U/mL (Gla-100). 13 Data from the phase III EDITION 1, 2 and 3 clinical trials showed that over 6 months, Gla-300 provided similar glycaemic control to Gla-100 in participants with T2DM, with less hypoglycaemia. [14] [15] [16] Given the reduced hypoglycaemia risk with Gla-300 vs Gla-100, we were interested to see if this benefit persisted in individuals with impaired renal function. The objective of the present post hoc patient-level meta-analysis of EDITION 1, 2 and 3 was to investigate the impact of renal function on the safety and efficacy of Gla-300, with a focus on hypoglycaemia risk. 
| MATERIALS AND METHODS

| Study design and participants
| Data analysis and statistics
Efficacy outcomes were analysed using the modified intention-to-treat (mITT) population, defined as all randomized participants who received at least 1 dose of study insulin and had both a baseline and at least 1 post-baseline efficacy assessment. The safety population comprised all participants who had received at least 1 dose of study insulin.
Change in HbA1c was analysed using a mixed model for repeated measurements (MMRM) approach. Relative risk (RR) of hypoglycaemia was analysed using the Cochran-Mantel-Haenzel method and annualized rates of hypoglycaemia were analysed using an overdispersed Poisson regression model. For HbA1c, and hypoglycaemia, the homogeneity of the treatment effect among subgroups was assessed using subgroupby-treatment interaction. Differences in treatment effect across subgroups were only considered relevant if significant heterogeneity was observed (P < 0.05). Body weight, insulin dose, FPG, adverse events and patient satisfaction (evaluated using the Diabetes Treatment Satisfaction Questionnaire [DTSQ]) were assessed descriptively.
3 | RESULTS
| Baseline characteristics
The mITT and safety populations included 2474 and 2488 individuals, Baseline characteristics are summarized in Table 1 . Participants were, on average, older in the lower vs higher eGFR subgroup (~65 years vs 57 years). Most participants in the study were white. The mean duration of diabetes was longer in the lower vs higher eGFR subgroup (~16 years vs 12 years). Those in the lower eGFR subgroup had received~1 year more of insulin therapy than those in the higher eGFR subgroup.
The proportions of participants with comorbidities reported at baseline were similar in the two renal function subgroups (Table 1) , Abbreviations: ACE, angiotensin converting enzyme; BMI, body mass index; eGFR, estimated glomerular filtration rate; Gla-100, insulin glargine 100 U/mL; Gla-300, insulin glargine 300 U/mL; HbA1c, glycated haemoglobin. Data are pooled from EDITION 1, 2 and 3, and are presented as mean (SD), unless otherwise indicated. eGFR derived using the Modification of Diet in Renal Disease study equation. although there was a general trend for more participants reporting complications in the lower eGFR subgroup. The most common overall complication was diabetic sensory and motor neuropathy, reported iñ 41% and 32% of participants in the lower and higher eGFR subgroups, respectively. Diabetic macroangiopathy was reported in an average of 9.1% and 6.1% of participants in the lower and higher eGFR subgroups, respectively (Table S1 , Supporting Information). Cardiac disorders were documented in 39.2% of participants in the lower eGFR subgroup, compared with 25.4% in the higher eGFR subgroup.
| Renal function
The EDITION 1 study contributed the largest proportion of participants to the <60 mL/min/1.73 m 2 subgroup (n = 188; Table S2 
| Previous and concomitant medications
At baseline, most participants were using non-insulin antihyperglycaemic medications (~75% and 88% in the lower and higher eGFR subgroups, respectively), of which metformin was the most common (Table 1 ). The proportion of participants using metformin in the lower eGFR subgroup (55%) was lower than in the higher eGFR subgroup (68%). By comparison, more participants in the lower eGFR subgroup than in the higher eGFR subgroup had previously been using insulins (72% and 63%, respectively) or antihypertensive agents (86% and 74%, respectively). Most participants were using statins, irrespective of renal function (Table 1) . At month 6, there was very little change in medication usage patterns from baseline in either treatment arm or renal function subgroup (Table S3 , Supporting Information).
| Glycaemic control
The HbA1c reductions from baseline were similar in the Gla-300 and There was no evidence of heterogeneity of treatment effect across subgroups (P = 0.097; Figure 1A ). Similar proportions of participants achieved HbA1c target <53 mmol/mol (<7.0%) between treatment arms in both renal function subgroups. In the lower eGFR subgroup, 36.4% and 39.2% of participants achieved target with Gla-300 and Gla-100, respectively. In the higher eGFR subgroup, 36.2% and 34.7%
of participants achieved target with Gla-300 and Gla-100 ( Figure 1B ).
As observed for the HbA1c 53 mmol/mol (<7.0%) target, the proportion of participants achieving HbA1c target 58.5 mmol/mol (<7.5%) was similar for the Gla-300 and Gla-100 treatment arms in both renal function subgroups. In the Gla-300 and Gla-100 treatment arms, respectively, 54.9% and 58.4% of participants achieved target in the lower eGFR subgroup, and 54.0% and 51.8% of participants achieved target in the higher eGFR subgroup. The mean change in FPG from baseline to month 6 was similar for both treatment arms and renal function subgroups (Table S4 , Supporting Information). The proportion of participants attaining FPG <5.6 mmol/L was 24.8% and 32.5%
in the lower eGFR subgroup, and 25.2% and 25.1% in the higher eGFR subgroup, with Gla-300 and Gla-100, respectively; for attainment of FPG <6.7 mmol/L, the proportions were 45.1% and 50.2% in the lower eGFR subgroup, and 44.5% and 46.6% in the higher eGFR subgroup, with Gla-300 and Gla-100, respectively.
| Hypoglycaemia
More participants in the lower vs the higher eGFR subgroup experi- 
| Body weight and insulin dose
The mean (SD) change in body weight from baseline to month 6 was small in both treatment groups across both renal function subgroups: and 72.4%) for Gla-300 and Gla-100, respectively. In the higher eGFR subgroup, the insulin dose increase from baseline was 0.35 and 0.26 U/kg (an average increase of 117.0% and 89.2%) for Gla-300
and Gla-100, respectively (Table S4 , Supporting Information). This reflected a −23.7% difference in dose increase for Gla-300 and a −18.8% difference in dose increase for Gla-100 between the lower vs higher eGFR subgroups.
| Adverse events
Treatment-emergent adverse events (TEAEs) were observed more commonly in participants in the eGFR <60 mL/min/1.73 m 2 vs the ≥60 mL/min/1.73 m 2 subgroup. In the lower eGFR subgroup, TEAEs were reported in 64.7% and 59.4% of participants in the Gla-300 and Gla-100 treatment groups, respectively. In the higher eGFR subgroup, TEAEs were reported in 55.8% and 52.5% of participants in the Gla- . CI, confidence interval; eGFR, estimated glomerular filtration rate; Gla-100, insulin glargine 100 U/mL; Gla-300, insulin glargine 300 U/mL; LS, least squares; MMRM, mixed model for repeated measurements participants who experienced at least one TEAE relating to injection site reaction, hypersensitivity, cardiovascular events, and acute kidney injury, are shown in Table S6 (Supporting Information).
| Participant satisfaction
There were no differences in patient satisfaction either by eGFR subgroup or treatment arm. The mean (SD) change in total DTSQ score from baseline to month 6 in the higher eGFR subgroup was 3.53 (6.50) and 3.93 (6.84) with Gla-300 and Gla-100, respectively. In the lower eGFR subgroup, mean change was 3.01 (6.43) and 3.30 (6.44) with Gla-300 and Gla-100, respectively. The LS mean difference (SE) between Gla-300 vs Gla-100 in total DTSQ scores after 6 months of treatment was −0.22 (0.21) in the higher eGFR subgroup, compared with −0.33 (0.46) in the lower eGFR subgroup. 
| DISCUSSION
FIGURE 2 A, Percentage of participants experiencing ≥1 confirmed or severe hypoglycaemic event (safety population). B, Relative risk of experiencing ≥1 hypoglycaemic event with insulin glargine 300 U/mL (Gla-300) vs insulin glargine 100 U/mL (Gla-100) by renal function subgroup (safety population). †Logistic method. P < 0.05 corresponds to significant heterogeneity of treatment effect. CI, confidence interval; eGFR, estimated glomerular filtration rate than Gla-100, which was not influenced by renal function.
Hence, overall, the pooled results presented here are consistent with the individual EDITION studies, [14] [15] [16] which also reported similar glycaemic control and reduced risk of hypoglycaemia with Gla-300 compared with Gla-100. Importantly, however, these data show that this advantage of Gla-300 over Gla-100 was maintained in people with T2DM and impaired renal function. While the results of the present patient-level meta-analysis are encouraging and suggest that Gla-300 therapy may also be used in people with T2DM and renal impairment, the scarcity of literature on insulin use in this population, and the post hoc nature of this analysis, highlight the need for randomized clinical trials to more fully evaluate the impact of renal function and CKD on diabetes therapy.
As expected, participants with lower eGFR experienced higher incidence and rates of hypoglycaemia. While the mean insulin doses increased in both treatment arms, there was a tendency for a larger increase with Gla-300, consistent with findings reported for the overall EDITION population. [14] [15] [16] Although speculative, one possible reason underlying this greater increase in dose with Gla-300 than Gla-100 may be related to the lower bioavailability of Gla-300, owing to the greater stability of its subcutaneous depot that might make it more prone to enzymatic inactivation compared with Gla-100. 18 It is A, Rate of confirmed or severe hypoglycaemia by renal function subgroup (safety population). B, Ratio of annualized hypoglycaemia event rates by renal function subgroup (safety population). †Logistic method. P < 0.05 corresponds to significant heterogeneity of treatment effect. CI, confidence interval; eGFR, estimated glomerular filtration rate also important to consider that the dose changes observed may be a consequence of the treat-to-target design of the EDITION trials; dose increases were to be expected given that participants switched to, or initiated, a new basal insulin in this study because they were uncontrolled on their previous treatment. In a meta-analysis of the EDITION studies, Gla-300 was associated with lower weight gain despite higher doses compared with Gla-100, 18 and the present analysis demonstrates a similar trend in participants with renal impairment.
Notably, the higher insulin doses observed in the EDITION studies with Gla-300 were not associated with an increased risk of hypoglycaemic events, and the mean insulin doses were similar between renal function subgroups in this analysis. Differences between renal function subgroups in the relative increases of insulin dose are unlikely to account for the higher incidence of hypoglycaemia in the lower eGFR subgroup as, if anything, dose increases were lower in the <60 mL/ min/1.73 m 2 than in the ≥60 mL/min/1.73 m 2 subgroup. Furthermore, the pooled data show that renal function did not change after treatment with either Gla-300 or Gla-100 for 6 months. These findings suggest that the observed differences between the renal subgroups in the rate and incidence of hypoglycaemia were unlikely to be related to dose or dose increase, but are consistent with the higher risk for hypoglycaemia reported in CKD. 11 In terms of safety, as expected, TEAE incidence was generally higher in the lower vs the higher eGFR subgroup, but there were no major differences in TEAEs between Gla-300
and Gla-100 within the two subgroups, nor between either renal function or treatment groups for injection site reactions, hypersensitivity, cardiovascular events or acute kidney injury.
The 2016 ADA guidelines do not include specific HbA1c targets for individuals with T2DM and renal impairment, although goals that are less stringent than the general target of 53 mmol/mol (7.0%) (e.g. 63.9 mmol/mol (8.0%)) are suggested for people with comorbidities. 19 Indeed, the present analysis shows that HbA1c targets of 58.5 mmol/mol (<7.5%) are achievable for many people with T2DM.
Furthermore, the reduced risk of hypoglycaemia with Gla-300 is particularly important in this patient group, where there is a high risk of cardiovascular disease, as the experience of hypoglycaemia may be associated with cardiovascular events and mortality. 20 This post hoc analysis provides data supporting the use of Gla-300 in individuals with T2DM and mild renal impairment, which will help inform and guide management decisions. The comparison with Gla-100 is important, as this is the "gold standard" of treatment in many countries. The lower risk of hypoglycaemia with Gla-300 than Gla-100 is of particular interest as the risk of hypoglycaemia is increased in people with renal impairment, 11 therefore, therapy options with lower risk of hypoglycaemia may be particularly beneficial in this population. Basal insulin therapy requires a balance between achieving appropriate individualized glycaemic targets and minimizing or avoiding hypoglycaemia. Consistent with the data in the present study in participants with impaired renal function, a metaanalysis of EDITION 1, 2 and 3 data indicated that treatment with Gla-300 could allow people with T2DM to achieve equivalent glycaemic control vs Gla-100 but with less hypoglycaemia. 
